INTRODUCTION

A dedicated project-management plan is developed to match the specific needs of each project, in accordance with the Project Management Process. This Project Management Process, with its different phases and stages, is the result of extensive experience. It enhances the efficiency of project execution and improves the quality of the final product. This management process takes into account business and customer requirements and improves the validation and launch processes. The Research and Development teams involved in the Offer Creation Process use their technical competencies and efficiency as well as up-to-date methods and tools to deliver a differentiated offer featuring a robust electromechanical design. Robustness is a goal that must continuously guide the design and industrialisation decisions for new products. At Schneider Electric, the various phases in product development all follow the same process in order to achieve this goal. These phases are based on functional specifications used by all the persons involved in the development program. From the marketing database on through to the last supplier and industrialisation of each component, all parameters are taken into account and thus contribute to achieving the expected level of reliability.
Modelling characterisation and environmental impact in the product-development process are systematically taken into account.
RESULTS OF SIMULATIONS USED IN THE DEVELOPMENT OF MEDIUM-VOLTAGE CIRCUIT-BREAKER RANGES
Model studies used in the design of the mould for the circuit-breaker support structure All versions of the support structure, modelled with Pro-Engineer, were developed in close coordination with the departments competent in moulding heatsetting plastics. The version finally selected was then subjected to calculations to characterise mechanical performance.
Mechanical modelling of the support structure for the main circuit
Numerous external requirements and the simulations guided support structure design to the final version. For computer and software reasons, calculations were first run using Promechanica software, then ANSYS. The preliminary design simulations were run on models for which a number of parameters were modified.
Each modification was studied independently of the others to correctly measure the impact of each parameter. >Addition or removal of ribs and their layout. >Position of the fixing points. >Open or closed sides. The current level used for sizing is the short-circuit current.
The simulations validated the suitability of the size for the continuous load. The two current levels produce stresses at different points. This made it possible to initially study the two independently.
The influence of the highest temperatures in conjunction with the mechanical stresses were taken into account to study the creep behaviour of the part. The mechanical modelling process was then incorporated in the industrial-function level to validate mould design. Several AMF contacts, with structures ranging from two to four-segment coils have been studied with both 3D Finite Element simulations and short circuit interruption tests. The calculations have been analysed for magnetic field distribution and effective area (for which the axial magnetic field is greater than 4 mT/kA) criteria. Synthetic tests were carried out to determine the ultimate breaking capacity for all the studied AMF contacts. The analysis of both numerical and experimental result suggests that the interruption capacity is proportional to the square of the contact diameter times the percent effective area(cf. (1)). 
3D electrostatic study with FLUX3D
A study was carried out to compare a 3D model, imported from Pro-Engineer to FLUX, with a 2D model. A connecting rod with a shape close to that of a surface of revolution geometry was studied. The non-axisymmetrical parts were imported via a special PATRAN file. The geometrical shapes are complex in computational terms. The mesh is difficult to check and the model is cumbersome. The mesh is fine enough to obtain acceptable precision for the values of the electrical field.
Local values are however difficult to use. The differences observed are on the same order as the lack of precision in the mesh. The electrical field is occasionally difficult to observe at certain points in the 3D model. 
Thermal modelling Thermal simulation (functional environment)
The approach is to understand the impact of the architecture of the product in which the circuit breaker is integrated. A convection study in a cubicle uses particle tracers to visualise the thermal exchanges within the cubicle. This first step measures the impact of an increase or decrease in natural convection. Then the circuit breaker alone is studied. This approach, focusing first on the overall system, then on the product, takes into account radiation, among other factors. Design rules can be set up, for example concerning ventilation grates in the cubicle. This highly rigorous approach takes into account the functional environment. The system is solved for steady-state conditions. Active parts of the circuit breaker undergo special analysis.
For the support structure made of heat-setting plastic, the influence of openings was studied. Four simulations were run: -normal openings; -total openings in the top part of the support structure; -creation of a chimney; -no support structure. The results show that there is little impact on the connection temperatures and on the volume of air flowing through the circuit breaker. The impact of openings on the front of the cubicle was studied. 60% of air flowed in the vicinity of the arms, 20% around the support structure and 20% inside the support structure. The importance of openings in the sheet metal, under the support structure, was evident. Modifications in the support structure had little thermal effect. The "chimney" effect is an important factor in improving performance. It channels air flow and avoids turbulence. Modelling of electrical connections, particularly shunts, requires experimental checks. Openings in the front offer possible advantages, but would require a different support structure design than that used for standard ventilation through the bottom. 
Statistical approach to mechanical-endurance tests
Acceptance criteria for mechanical-endurance tests: The circuit-breaker population supposedly has a constant failure rate, in which case MTTF is the average number of operating cycles before failure observed during tests. This is in fact an estimator of the MTTF for the population. The failure rate is the inverse of the MTTF. The 90% confidence interval of MTTF = [a,b] means that if a large number of tests are carried out on the same population, the interval [a,b] calculated for each test result will contain the true MTTF value in 90% of cases. The true value is unfortunately unknown and cannot be determined. The best that can be done is to calculate an estimate which is the MTTF mentioned above. Interpretation is the same for the confidence interval of the failure rate.
Confidence in the objective: This is a relatively complex statistical notion. If confidence in the objective is 90%, that means that the hypothesis test H0: MTTF = Objective cannot be rejected at the 90% confidence level. In other words, if one accepts the hypothesis that the true MTTF for the population is equal to the objective, one will be wrong only 100-90 = 10% of the time.
Average percentage of devices still in service according to the objective: Assuming that the population has a constant failure rate and that its MTTF is known, the probability that a circuit breaker is still operational after S operating cycles is: P = e -S/MTTF Objective set for the MTTF : The method adopted makes it possible to take into account a series of tests using, for example, a criterion based on the MTTF of the population. What MTTF, estimated on the basis of the sample, must be obtained to ensure that the hypothesis HO (i.e. that the MTTF of the population is equal to the target MTTF) cannot be rejected at the 90% confidence level? The calculation is based on the Khi2 law. For example: MTTFtarget = 20 0000 MTTFestimated = 31974 MTTFtarget = 10 000 MTTF estimated = 15987 For a given level of confidence, the estimated MTTF proves the validity of the target MTTF.
CHARACTERISATION
Numerical simulations helped significantly in the optimisation of the upstream product design phases. The characterisation phases made it possible to check the models and control the means used to produce constituents that are critical with respect to the functional aspects of the product. Each of these constituents is accompanied by a set of technical and industrial data documented in a "Constituent File" shared by all those involved in the process, i.e. designers, industrial engineers, purchasers and suppliers. This "Constituent File", implemented in the form of a shared data base, guarantees a lasting product quality level.
Component qualification -Quality checks 6 Sigma (DMAIC) -Evaluation of the significant parameters
Qualification of the component manufacturing process is the key to obtaining the expected product quality. The significant process parameters are identified using an approach based on an "experimental plan". A combination of factors may be the cause of downgraded characteristics. The 6 Sigma method combined with tomographic analysis contributes significantly to product robustness. The method is the indispensable technique for complex processes requiring stringent quality control for each component. With research, it is the means to control the process using the most suitable inspection techniques. For a shunt, this approach can be used to determine the means to check the quality of compacting. The ultra-sound measurement technique was evaluated and found very useful. This non-destructive technique can be used on a continuous basis for inspection of manufacturing processes. Tomography Tomography is an analysis method for the quality of components such as heat-setting plastic parts. The goal is to determine if failures are due to faults within the parts. Tomography can be used to detect any internal cavities. The test was carried out on parts damaged and undamaged parts that have undergone dielectric tests. The study was carried out on the base of the support structure, the most critical zone. Sufficient resolution was maintained. The acquisition time was approximately twenty minutes. Reconstruction of the volume took four hours. Views of touching surfaces were created using 3D software. The results for punctured parts or those suffering tracking showed numerous porous zones. The air, less dense than the material (polyester here), appears white on the X-ray images. The results for undamaged parts showed no internal cavities.
Tomographic measurements revealed the faults in the critical zone observed on faulty parts. The study showed that the inside of a part affects dielectric performance. Generally speaking, porous zones are located in areas difficult to mould (thick areas, sectional changes, etc.).
IMPLEMENTATION OF ECO-DESIGN FOR MEDIUM-VOLTAGE PRODUCTS
Schneider Electric is committed to follow a rigorous eco-design process in order to design products and solutions that respected the environment. Transparent information about environmental impacts of products during their entire life cycle is already required by customers. With the ban of hazardous substances and the implementation of organised waste management, it will be essential for us to be able to deliver key environment information on products and express our corporate commitment to sustainable development. The Product Environment Profile (PEP) directive defines the main targets of a Product Environment Profile and provides some guidance for Engineering, Advanced Manufacturing and Marketing on how to create a PEP. This approach is fully in line with ISO 14062 recommendations. Optimum design, production and inspection are the key to reducing customer risks and environmental impact. The document presenting the environmental profile of the product provides information on the environmental behaviour of the product during the different phases of its life cycle. The document supplies general information on the product and the manufacturer: -technical characteristics; -production site; -development team. The materials and substances making up the product are indicated by weight and percentage of the total weight. Information is provided on dangerous substances: -dangerous substances prohibited by regulations; -substances falling under the European ROHS directive (Restriction Of Hazardous Substances). The directive bans, starting in July 2006, certain heavy metals and other substances (e.g. lead, polybrominated biphenyls (PBB) and polybrominated diphenyl ethers (PBDE), in their most common applications.
Energy consumption during product life
This consumption, taken into account by the study, depends on the operating conditions, e.g. for a circuit breaker: -annual percent load on the installation Tc = 30% All efforts are made to ensure on the part of in-house departments, suppliers and subcontractors that no substances and materials banned by European regulations are used.
Product end-of-life management is described
The product can be dismantled or ground to make the best possible use of the constituent materials. For the EVOLIS 24 kV circuit breaker, the proportion of recyclable materials is 82%. That includes the ferrous and non-ferrous materials in the product. 
